Lane changing of traffic flow is a complicated and significant behavior for traffic safety on the road. Frequent lane changing can cause serious traffic safety issues, particularly on a two-lane road section of a freeway. This study aimed to analyze the effect of significant traffic parameters for traffic safety on lane change frequency using the studied calibrated values for driving logic "conscious" in VISSIM. Video-recorded traffic data were utilized to calibrate the model under specified traffic conditions, and the relationship between observed variables were estimated using simulation plots. The results revealed that changes in average desired speed and traffic volume had a positive relationship with lane change frequency. In addition, lane change frequency was observed to be higher when the speed distribution was set large. 3D surface plots were also developed to show the integrated effect of specified traffic parameters on lane change frequency. Results showed that high average desired speed and large desired speed distribution coupled with high traffic volume increased the lane change frequency tremendously. The study also attempted to develop a regression model to quantify the effect of the observed parameters on lane change frequency. The regression model results showed that desired speed distribution had the highest effect on lane change frequency compared to other traffic parameters. The findings of the current study highlight the most significant traffic parameters that influence the lane change frequency.
Introduction
The Global Status Report on Road Safety stated that the number of annual road traffic deaths has reached 1.35 million [1] . Although 90% of these deaths are centered in low-and middle-income countries, traffic accidents in WHO's European Region cause at least 120,000 deaths and injure 2.4 million people each year [2] . European roads have been stated as the safest in the world, with a 19% reduction in road fatalities over the last six years. While attaining the strategic target of halving the number of road deaths between 2010 and 2020, which is still an acute challenge, it is worth aiming to save every single life [3] . The Road Safety Action Program (2014-2016) was incorporated into the Hungarian Transport Strategy, which also sets targets to decrease the number of road fatalities by 50% between 2010 and 2020 [4] . However, according to the Hungarian Central Statistical Office data, there were 625 road fatalities in 2017, a 2.9% rise compared to 2016 [5] . The situation analysis of the Road Safety Action Program declares that most of the accidents are caused by human-related factors, and tackling them is therefore the most dynamic objective of road safety initiatives [4] . Some previous studies have estimated human factors to be the sole or primary causal factor in approximately 90% of road traffic accidents [6] [7] [8] [9] .
Frequent lane-changing behavior has an adverse effect on traffic efficiency under advanced traffic demand [10] . Li et al. [11] examined the aggressive lane-changing behavior of fast vehicles and the consequences of different lane-changing behavior with the proposed symmetric two-lane cellular automaton. The act of changing lanes was observed as one of the most common causes of accidents in the United states. Also, according to official statistics, at least 33% of all road crashes occur when vehicles change lanes or veer off the road [12] .
Previous studies have shown accidents to be "multicausal" events as they are considered to be a failure of the complex interactions between driver behavior, traffic, vehicle design, road geometry, and environmental conditions [13, 14] . Another research [15] found that crash occurrence had a substantial correlation with the average speed, the standard deviation of speed at the upstream loop detector station, the variance in the average speed at the upstream and downstream loop detector stations, and traffic volume. Therefore, it is difficult to detect a single causal factor that can be held responsible for an accident occurrence [16] .
A recent research [17] showed that, despite the influence of various factors, speed variance is particularly worth noting as it has been frequently reported as a critical risk factor in estimating crash risk on expressways. Some studies have found both speed and speed variance to be significant factors for predicting crash frequency [18, 19] . Elvik [20] reviewed 13 studies that assessed the effects of speed variance on crash rates based on loop detector data. Although almost all of these studies observed that a large variance in speed increased the risk of crashes, numerical estimations of the effect varied significantly. It is also possible that variations in speed between following vehicles on a road as well as between the lanes of a roadway affects accident risk [21] [22] [23] . However, the finding [24] that effects of speed changes tend to be higher on rural roads and motorways than on roads in built-up areas roads suggests that the initial speed is a significant factor. This was confirmed in a re-analysis of the data [25] that presented that the effect of a specified relative change in speed on the number and severity of crashes is greater when the initial speed is higher.
Two mathematical models-the power model and the exponential model-describe the relationship between the mean speed of traffic and road safety, defined as the number of fatalities and the number of injury accidents, with high accuracy [26] . One limitation of both the power model and the exponential model is that they only consider changes in average speed and therefore disregard possible changes in the shape of the speed distribution [27] . However, speed dispersion is recommended to proactively measure road safety because it presents a consistent assessment of microscopic potential risks [28] . Moreover, the effects of speed and speed variations seem to be related to other traffic variables, such as traffic flow [29, 30] .
Other than speed, traffic volume is one of the most studied factors in crash rate predictions [31, 32] . Traffic volume, speed, and density are the three main parameters used for the characterization of traffic conditions [33] . Traffic conditions with high volume and high speed variation within the same lane represent conditions with lower levels of service and therefore unstable flow. These conditions can create higher crash risk because of the limited space between vehicles [13, 30] .
Microscopic simulation models are finding increased application in the evaluation of safety performance and crash prediction. Before these models can be applied, they must be calibrated based on real-world traffic conditions. The main purpose of calibration is to ensure that parameter inputs in the simulation model produce the best estimates of safety performance. Previous studies have focused on the accuracy and reproducibility of simulated output but not the ability of the performance measure to reflect actual crashes. However, with an accurate estimate of the crash potential index (CPI) from a simulation, it would be possible to compare simulated safety performance with observed crashes [34] . The process of developing a microsimulation model starts with an existing condition model and then transitions into the development of various scenarios representing future-year alternatives [35] . Microscopic traffic simulation-based safety analysis provides fast, safe, and cost-effective means of evaluating traffic safety compared to field implementation and testing [36] [37] [38] . Some previous studies have utilized video data to obtain important information to calibrate several traffic safety parameters [34, 39] . The effectiveness of a calibration process as well as the preceding considerations can be best evaluated by performing "controlled" experiments in which all the model inputs are known [40] .
The VISSIM model can be applied to examine various traffic scenarios for varying roadway and traffic conditions. A microsimulation model, VISSIM is suitable for simulating and studying heterogeneous traffic flow in expressways to a satisfactory extent [41] . The VISSIM model is used to generate traffic flow for a wide range, from lower to higher levels, and to investigate the number of lane changes in multilane highways [39] .
The lane-changing phenomenon is considered as an act of driving maneuver that moves a vehicle from one lane to another when both lanes have the same direction of travel [42] . The actual lane-changing logic in VISSIM is utilized to choose if it is possible to change to the desired neighbor lane or not. The desired lane is an effect of the lane selection process for any free or mandatory lane changes based on gap acceptance. A free lane change considers a lane change of a vehicle to obtain speed advantages or more space [43] . Some previous studies have focused on the relationship between speed variations and crash rates or crash risk [19, 31, [44] [45] [46] [47] , while other studies have examined the number of lane changes under different traffic flow parameters to analyze the capacity of multilane roads [39, [48] [49] [50] . However, these studies lacked research specifically regarding the identification and quantification of significant traffic parameters that affect lane changing using real data by considering lane changing as one of the essential subjects of sustainable traffic safety.
This study aimed to estimate the effect of significant traffic parameters for traffic safety on lane changing using VISSIM for a two-lane road section of a freeway. We utilized calibrated model data for driving logic "conscious" to estimate the relationship between specified traffic parameters and lane change frequency. Furthermore, 3D surface plots were developed to analyze the integrated effect of observed variables on lane change frequency. We also attempted to develop a regression expression to quantify the effect of observed traffic parameters on lane change frequency. The study recommends that there should be more focus on traffic parameters that significantly influence lane changing in order to enhance traffic safety.
The paper is organized as follows. The need for analyzing the effect of significant traffic safety parameters on lane changing has already been described in this section. The method used, including video data collection and presentation of simulation parameters, is detailed in Section 2. Analysis of the effect of traffic parameters on lane change frequency as well as 3D surface plots and regression model results are presented in Section 3, Section 4 provides the conclusions and discusses future works.
Materials and Methods

Video Data Analysis
Video data analysis was performed using CarCam to collect real traffic data on a two-lane road section near Budapest. The road was approximately 5 km long (M1 motorway, Hungary) in one direction of travel. Video data collection was performed for 4 hours from 7 a.m. to 9 a.m. and 3 p.m. to 5 p.m. on a typical weekday under clear weather conditions. The collected video data were then extracted with the help of semiautomated data extraction software to get the mean speed of cars and traffic volume at each 5 min interval. First, the results of video data analysis were utilized to measure the mean speed by measuring the time taken by a vehicle to cross the longitudinal section of 30 m using a software program. The plot results showed that most of the vehicles were travelling at varying speeds with dispersion between 100 and 140 km/h, as shown in Figure 1 . Second, the results of video data analysis were utilized to measure the traffic volume on a specified road section for the stated period. The plot results showed that traffic volume varied significantly in different time intervals. However, it helped to obtain information about the minimum (960 veh/hr) and maximum (2280 veh/hr) traffic counts for simulation analysis purposes, as shown in Figure 2 . 
VISSIM Simulation
We wanted to utilize a microscopic simulation method to analyze the lane change frequency of cars on a two-lane road section of a freeway, that is, one direction of a road section under various specified traffic conditions. We chose the VISSIM software as a simulation tool for analysis of the effect of different traffic parameters on lane changing due to its powerful multimodel modeling capabilities. PTV VISSIM was first developed in 1992 by PTV Planung Transport Verkehr AGin Karlsruhe, Germany, based on the continuous effort of Wiedemann regarding car-following behavior [39] . VISSIM is the most advanced and commonly used microscopic traffic simulation software [51] . VISSIM is a behavior-based and time-step simulation model program. The software has three basic mechanisms: traffic flow models, traffic control models, and a data analysis package. It can be useful to analyze different transportation problems, such as freeway operations, dynamic traffic assignments, the interaction of different transportation modes, signal prioritization and optimization, traffic management strategies, pedestrian flows, etc. [52] . A previous study also concluded that the 
We wanted to utilize a microscopic simulation method to analyze the lane change frequency of cars on a two-lane road section of a freeway, that is, one direction of a road section under various specified traffic conditions. We chose the VISSIM software as a simulation tool for analysis of the effect of different traffic parameters on lane changing due to its powerful multimodel modeling capabilities. PTV VISSIM was first developed in 1992 by PTV Planung Transport Verkehr AGin Karlsruhe, Germany, based on the continuous effort of Wiedemann regarding car-following behavior [39] . VISSIM is the most advanced and commonly used microscopic traffic simulation software [51] . VISSIM is a behavior-based and time-step simulation model program. The software has three basic mechanisms: traffic flow models, traffic control models, and a data analysis package. It can be useful to analyze different transportation problems, such as freeway operations, dynamic traffic assignments, the interaction of different transportation modes, signal prioritization and optimization, traffic management strategies, pedestrian flows, etc. [52] . A previous study also concluded that the VISSIM simulation environment is well suited for freeway studies involving complex interactions with few and well-reasoned modifications to reproduce driver behavior parameters [53] .
For the development of the base model, a 5 km road network with straight and twisty links was used to efficiently utilize the available PTV licensed software (VISSIM 11) space. The width of the road Sustainability 2019, 11, 5976 5 of 15 section was set at 7 m, with each lane being 3.5 m wide. The road networks in VISSIM can be designed either as lane-oriented or space-oriented, i.e., vehicles can change anywhere in the road without lane restrictions. Any number of vehicle types can be designed and overtaking of vehicles can be allowed on both the sides [54] . On a two-lane road link, we employed only cars as a "vehicle type" in the VISSIM model and used the right-side rule, which allows overtaking of vehicles in the left lane. It must be noted that there is a permanent overtaking ban for vehicles over 3.5 tons on certain two-lane sections of the Hungarian motorway network [55] . The simulation data was extracted for 3600 s, and the option "lane changes evaluation active" was selected to record lane change data. Lane change frequency was evaluated as the number of lane changes per hour (n/h). The important information about simulation parameters is tabulated in Table 1 . We applied the Wiedemann 99 model, which is suitable for freeways with no merging areas, to observe the effect of significant traffic parameters on lane changing for driving logic "cautious". The Wiedemann 99 car-following model was developed in 1999 to offer greater control of the car-following characteristics for freeway modeling in VISSIM. The Wiedemann 99 model consists of 10 calibration parameters, all labeled with a "CC" prefix [39, 56] . The car-following logic controls the way a vehicle interacts with other vehicles at four modes of driving: free-driving, approaching a vehicle, following a vehicle, and braking. Similarly, the lane-changing logic controls the way a vehicle interacts with others during the processes of lane selection, merging to traffic, and diverging from traffic [57] . We considered calibrated values of the car-following model as suggested by a recent study for driving logic "cautious" [58] . Most European drivers have been observed as "cautious" about driving characteristics, which can affect the driving style and road safety, as analyzed in previous studies [59, 60] . Table 2 provides a description with the default and calibrated values for each of the "CC" parameters associated with the Wiedemann 99 model.
In VISSIM, the lane-changing behavior is controlled by a set of factors for local calibration of VISSIM models. Accordingly, VISSIM lane-changing behavior is characterized by maximum and accepted deceleration rates for the merging (own) and trailing vehicle. Driver aggressiveness can be controlled by modifying the maximum and accepted deceleration rates as well as the reduction rate of the deceleration value as the vehicle approaches its merge point [35] . We further considered the calibrated values of lane change as suggested by a recent study for driving logic "cautious", as shown in Table 3 .
Based on the above measures, we considered the following:
(1) Effect of average desired speed on lane change frequency;
(2) Effect of desired speed distribution on lane change frequency;
(3) Effect of traffic volume on lane change frequency.
We first considered simulating the effect of average desired speed variation on lane change frequency. Previous studies have noticed that changes in speed affects serious crashes substantially more than less serious crashes, with most data related to rural roads and motorways [13, 61] . In the past 20 years, nearly all countries have either increased or decreased their speed limits on the motorway network. In addition, the speed limits in Hungary outside built-up areas were increased from 120 to 130 km/h on motorways and from 100 to 110 km/h on motor roads (semimotorways) in 2001 [24] . Based on observed video speed data, the average speed in this study varied from 110 to 130 km/h with a wider range (110, 115, 120, 125, and 130 km/h) to measure their effect on lane changing for road safety. In London, the noncompliance level (the level of noncompliance with the speed limit) ranges from 4% to 73%, while the noncompliance level ranges from 2% to 82% outside London [17] . The speed range for each simulated average speed was given as an input in the model, as shown in Figure 3 . Table 2 . Wiedemann 99 model parameters [58] . We further simulated the effect of desired speed distribution on lane change frequency for a freeway by maintaining the average speed at 130 km/h. The distribution function of desired speeds is a particularly important parameter as it has an impact on lane change frequency. VISSIM provides the opportunity to distribute the percentage of speed values over smaller to larger limits. In VISSIM, the desired speed is a significant parameter that has a great influence on travelling speeds, which is explained as a distribution rather than a fixed value [62] . The speed distribution represents the proportion of vehicles driving at or below certain speeds. It is also likely to use the speed distribution to specify how the speed of all vehicles varies [27] . A previous study stated that high-risk drivers exceed the speed limit by at least 25 km/h, so the "desired speed distribution" of the vehicles that represent speeding drivers was set as 120-150 km/h [63] . We considered real speed data (Figure 1 ) to analyze the effect of different speed distributions on lane changing for road safety. The largest speed distribution was set between 100 and 140 km/h with higher speed variations of traffic flow, and some other speed distributions were also set to comprehensively analyze the effect of speed distribution on lane changing. Accordingly, the smallest speed distribution was set between 120 and 140 km/h We further simulated the effect of desired speed distribution on lane change frequency for a freeway by maintaining the average speed at 130 km/h. The distribution function of desired speeds is a particularly important parameter as it has an impact on lane change frequency. VISSIM provides the opportunity to distribute the percentage of speed values over smaller to larger limits. In VISSIM, the desired speed is a significant parameter that has a great influence on travelling speeds, which is explained as a distribution rather than a fixed value [62] . The speed distribution represents the proportion of vehicles driving at or below certain speeds. It is also likely to use the speed distribution to specify how the speed of all vehicles varies [27] . A previous study stated that high-risk drivers exceed the speed limit by at least 25 km/h, so the "desired speed distribution" of the vehicles that represent speeding drivers was set as 120-150 km/h [63] . We considered real speed data (Figure 1 ) to analyze the effect of different speed distributions on lane changing for road safety. The largest speed distribution was set between 100 and 140 km/h with higher speed variations of traffic flow, and some other speed distributions were also set to comprehensively analyze the effect of speed distribution on lane changing. Accordingly, the smallest speed distribution was set between 120 and 140 km/h with lower speed variations of traffic flow. The maximum and minimum values of the speeds and the dispersion between these values were defined for an average speed of 130 km/h (freeway) in the model, as shown in Figure 4 . The VISSIM simulation was also used to measure the effect of designated traffic volume on lane change frequency. Traffic volume was set for each simulation, which defined the number of vehicles in a specific period for the two-lane road section of the freeway. A previous study noticed that traffic volume is one of the most influential parameters to model driving behavior [52] . Lane change behavior of vehicles characterizes macroscopic traffic flow behavior and significantly affects operational characteristics on the highway [39] . Another study observed the effect of hourly traffic volume on crash incident rate, with the lowest rate being when traffic flowed at a rate of 1000-1500 vehicles/h, while crash rates increased when traffic increased to a level of 3000 vehicles/h [64] . We measured the effect of traffic volume on lane changing by considering real traffic data (Figure 2 ). For VISSIM simulation, the traffic volume of cars varied from 1000 to 3000 vehicles per hour with an interval of 500 vehicles per hour, which is approximate to real observed traffic data.
Results
Modeling of lane changing for road safety was done by changing the values of the model parameters from the default setting to driving logic "conscious" with basic field input data, such as desired speed and traffic volume (veh/hr) as per field observation. We analyzed the effect of various The VISSIM simulation was also used to measure the effect of designated traffic volume on lane change frequency. Traffic volume was set for each simulation, which defined the number of vehicles in a specific period for the two-lane road section of the freeway. A previous study noticed that traffic volume is one of the most influential parameters to model driving behavior [52] . Lane change behavior of vehicles characterizes macroscopic traffic flow behavior and significantly affects operational characteristics on the highway [39] . Another study observed the effect of hourly traffic volume on crash incident rate, with the lowest rate being when traffic flowed at a rate of 1000-1500 vehicles/h, while crash rates increased when traffic increased to a level of 3000 vehicles/h [64] . We measured the effect of traffic volume on lane changing by considering real traffic data (Figure 2 ). For VISSIM simulation, the traffic volume of cars varied from 1000 to 3000 vehicles per hour with an interval of 500 vehicles per hour, which is approximate to real observed traffic data. 
Modeling of lane changing for road safety was done by changing the values of the model parameters from the default setting to driving logic "conscious" with basic field input data, such as desired speed and traffic volume (veh/hr) as per field observation. We analyzed the effect of various traffic parameters on lane change frequency based on VISSIM simulation data. Simulations were run based on specified traffic data to measure lane change frequency, and the results are tabulated in Table 4 . Simulations were run three times for each traffic scenario, and the average value was used to validate the output results, such as the number of lane changes. This is similar to a previous study, which performed the generation of different parameter combinations with three replicates for each case study [65] . Lane change frequency was measured as the number of lane changes per hour (n/h). It is important to specify that we considered a traffic volume of 2500 vehicles per hour to measure the effect of average desired speed and desired speed distribution on lane change frequency. The analysis was initiated by measuring the effect of average desired speed variance on lane change frequency. Results showed that lane change frequency increased with the increase in average desired speed. After that, we analyzed the effect of speed distribution on lane change frequency for the freeway. Results showed high lane change frequency for larger speed variation between predefined speed limits. Large variations in speed between vehicles on a two-lane road can give rise to conflicts, which in turn can lead to lane changing risk. Moreover, we investigated the effect of traffic volume on lane change frequency for the freeway. Traffic volume input was varied from low to higher levels, and simulation runs were performed for one hour. The simulation considered the speed limit of cars as 130 km/h (freeway). Results showed that lane change frequency increased with the increase in traffic volume. Considering the above simulation results, we analyzed the relationship between designated traffic parameters and lane change frequency. Polynomial curves (second degree) were found to better fit the relationship between observed traffic parameters (average desired speed, desired speed distribution, traffic volume) and lane change frequency. Furthermore, the equation of each curve was placed in plots to represent the relationship between a dependent variable (lane change frequency) and the independent variable. The R-squared (R 2 ) value was also calculated, which can be defined as the percentage of variation in the response variable that is explained by the model. The higher the R 2 value, the better the model fits the data.
Effect of Average Desired Speed on Lane Change Frequency
Lane change frequency was measured for each simulation, with the average desired speed varying from 110 to 130 km/h with an interval of 5 km/h. Each observed average speed was simulated under a specified speed range (Figure 3) . The relationship between average desired speed (km/h) and lane change frequency (n/h) is plotted in Figure 5 . It can be seen that there was a positive relationship between the two variables, with lane change frequency increasing with the increase in average desired speed of cars. The results can be explained by the fact that high-speed conditions can cause frequent overtaking maneuvers [66] . A previous study showed that, after the implementation of higher speed Sustainability 2019, 11, 5976 9 of 15 limit, the number of injury crashes, as compared to the control, rose significantly on 130 km/h roads but not on 110 km/h roads [62] .
Lane change frequency was measured for each simulation, with the average desired speed varying from 110 to 130 km/h with an interval of 5 km/h. Each observed average speed was simulated under a specified speed range (Figure 3) . The relationship between average desired speed (km/h) and lane change frequency (n/h) is plotted in Figure 5 . It can be seen that there was a positive relationship between the two variables, with lane change frequency increasing with the increase in average desired speed of cars. The results can be explained by the fact that high-speed conditions can cause frequent overtaking maneuvers [66] . A previous study showed that, after the implementation of higher speed limit, the number of injury crashes, as compared to the control, rose significantly on 130 km/h roads but not on 110 km/h roads [62] . 
Effect of Desired Speed Distribution on Lane Change Frequency
The effect of speed distribution on lane change frequency was analyzed, and the results are plotted in Figure 6 . All speed distribution data were set by maintaining an average speed at 130 km/h (freeway) (Figure 4) . A previous study on displacement of speed distribution showed larger displacements for higher speeds [67] . The plot results showed higher lane change frequency for large speed dispersion and lower lane change frequency for small speed dispersion between predefined limits. In other words, when speed distribution was high, the examined vehicles tended to change lanes frequently due to the difference in speeds between vehicles. Some previous studies have found speed variations to be positively related to crashes [44, 45, 47, 68] . 
Effect of Traffic Volume on Lane Change Frequency
We observed the relationship between traffic volume and lane change frequency, as shown in Figure 7 . Lane change frequency was measured for each simulation, with the traffic volume varying from 1000 to 3000 vehicles per hour with an interval of 500 vehicles per hour. Speed distribution was set in such a way that all simulated vehicles were moving on the road section within the speed limit (130 km/h). The plot results showed a positive relationship between the two variables, with lane change frequency increasing with the increase in traffic volume. When the number of vehicles y = 11.5x 2 + 254.9x + 83 R² = 0.9884 
We observed the relationship between traffic volume and lane change frequency, as shown in Figure 7 . Lane change frequency was measured for each simulation, with the traffic volume varying from 1000 to 3000 vehicles per hour with an interval of 500 vehicles per hour. Speed distribution was set in such a way that all simulated vehicles were moving on the road section within the speed limit (130 km/h). The plot results showed a positive relationship between the two variables, with lane change frequency increasing with the increase in traffic volume. When the number of vehicles increased in a specified period, more vehicles tended to change lanes for overtaking purposes. A previous study [11] had also found a positive correlation between risk factor and traffic flow efficiency in lower traffic demand. 
3D Surface Plots and Regression Model
Previous model [66] results showed that the impact of speed on crashes was associated with volume and between-lane speed variations, which complicated its interpretation. Based on a similar concept, we analyzed the impact of speed (average desired speed and desired speed distribution) on lane change frequency in connection with traffic volume. 3D surface plots were developed to simultaneously observe changes in the shape of lane change frequency with the change in specified traffic parameters, as shown in Figure 8 . Figure 8a presents a 3D surface plot to show the impact of the average desired speed on lane change frequency when associated with traffic volume. Figure 8b presents a 3D surface plot to show the impact of desired speed distribution on lane change frequency when associated with traffic volume. The results showed the highest lane change frequency for both cases due to the combined effect of the observed parameters. Xu et al. [30] found that high-speed variance in high-density traffic flow leads to higher crash risk. 
Previous model [66] results showed that the impact of speed on crashes was associated with volume and between-lane speed variations, which complicated its interpretation. Based on a similar concept, we analyzed the impact of speed (average desired speed and desired speed distribution) on lane change frequency in connection with traffic volume. 3D surface plots were developed to simultaneously observe changes in the shape of lane change frequency with the change in specified traffic parameters, as shown in Figure 8 . Figure 8a presents a 3D surface plot to show the impact of the average desired speed on lane change frequency when associated with traffic volume. Figure 8b presents a 3D surface plot to show the impact of desired speed distribution on lane change frequency when associated with traffic volume. The results showed the highest lane change frequency for both cases due to the combined effect of the observed parameters. Xu et al. [30] found that high-speed variance in high-density traffic flow leads to higher crash risk.
Finally, we attempted to develop a regression model between lane change frequency and specified traffic parameters based on observed simulation data. Lane change frequency (LCF) was set as a dependent variable, while the independent variables were average desired speed (ADS), desired speed distribution (DSD), and traffic volume (TV). The regression model was developed based on simulation data, and coefficient results were utilized to quantify the effect of traffic parameters on lane change frequency, as shown in Equation (1) . The results of this model showed that desired speed distribution had the most significant effect on lane change frequency due to high coefficient values (positive). A previous study [69] found that speed distribution had a vital role in road safety. Subsequently, the average desired speed also had a high effect on lane change frequency with a high coefficient value. However, traffic volume had a small effect on lane change frequency due to a small coefficient value. LCF = (31.36 × ADS) + (220.8 × DSD) + (0.67 × TV) − 4487. 28 (1) Finally, we attempted to develop a regression model between lane change frequency and specified traffic parameters based on observed simulation data. Lane change frequency (LCF) was set as a dependent variable, while the independent variables were average desired speed (ADS), desired speed distribution (DSD), and traffic volume (TV). The regression model was developed based on simulation data, and coefficient results were utilized to quantify the effect of traffic parameters on lane change frequency, as shown in Equation (1) . The results of this model showed that desired speed distribution had the most significant effect on lane change frequency due to high coefficient values (positive). A previous study [69] found that speed distribution had a vital role in road safety. Subsequently, the average desired speed also had a high effect on lane change frequency with a high coefficient value. However, traffic volume had a small effect on lane change frequency due to a small coefficient value. 
The results of regression analysis are presented in Table 5 . The standard error (SE) is also presented, which represents the average distance that the observed values fall from the regression line. The smaller the standard error, the more representative the sample will be of the overall sample size. The statistical significance of the effect depends on the p-value, i.e., if the p-value is larger than the selected significance level α, the effect is not statistically significant; however, if the p-value is less than or equal to α, then the effect for that particular term is statistically significant. The α value was set as 0.05 in the regression analysis. The results of the model showed that all observed parameters were statistically significant with p-values less than 0.05. Moreover, adjusted R² was calculated, which represents the percentage of the variation in the response variable that is explained by the model, adjusted for the number of predictors in the model relative to the number of observations. The results of regression analysis are presented in Table 5 . The standard error (SE) is also presented, which represents the average distance that the observed values fall from the regression line. The smaller the standard error, the more representative the sample will be of the overall sample size. The statistical significance of the effect depends on the p-value, i.e., if the p-value is larger than the selected significance level α, the effect is not statistically significant; however, if the p-value is less than or equal to α, then the effect for that particular term is statistically significant. The α value was set as 0.05 in the regression analysis. The results of the model showed that all observed parameters were statistically significant with p-values less than 0.05. Moreover, adjusted R 2 was calculated, which represents the percentage of the variation in the response variable that is explained by the model, adjusted for the number of predictors in the model relative to the number of observations. 
Discussion
Identification of the main traffic characteristics causing frequent lane changing could improve our understanding of lane-changing risk and help to develop more effective road safety strategies for freeways. The results of the present study showed that observed traffic parameters had a major impact on lane change frequency. Furthermore, lane change frequency was more greatly affected due to the integrated effect of specified traffic parameters. The regression model results showed that desired speed distribution had the highest effect on lane change frequency. Improvements in drivers' compliance with speed limits and speed management/enforcement strategies can play a vital role in enhancing traffic safety. Regarding the impact of speed changes in speed distribution, several studies have confirmed that speed cameras and vehicle-to-vehicle communication (V2V) systems are effective in reducing both mean speed and excessive speeding [70, 71] . However, this study only considered the driving logic "cautious" in the VISSIM model for traffic characteristics close to the real data, such as speed limits, traffic volume, and overtaking rules. Further research can be performed to apply the VISSIM model for other driving logics, such as "all knowing", to analyze lane changing. Finally, lane change frequency should be analyzed in the context of the average traffic speed of traffic flow exceeding the speed limit.
Conclusions
This study evaluated the effect of significant traffic parameters on lane changing for a two-lane road section of a freeway. We utilized a traffic simulation software with calibration of the model for driving logic "cautious" to estimate the impact of designated traffic parameters on lane change frequency. The traffic parameters considered in this study were average desired speed, desired speed distribution, and traffic volume. First, VISSIM simulation was performed to measure the effect of average desired speed variation on lane change frequency. The measured simulation data were used to plot the relationship between the average desired speed and lane change frequency. The plot results showed a positive relationship between average desired speed variation and lane change frequency, with lane change frequency increasing with the increase in average desired speed under a predefined speed range. Subsequently, the effect of desired speed distribution on lane change frequency was analyzed. The simulation results showed higher lane change frequency when speed dispersion was set large and lower lane change frequency when speed distribution was set small. Furthermore, the effect of traffic volume variation on lane change frequency was analyzed. The simulation plot results showed a positive relationship between traffic volume and lane change frequency, with lane change frequency increasing with the increase in traffic volume. Based on the simulated data, 3D surface plots were developed between speed (average desired speed and desired speed distribution), traffic volume, and lane change frequency. The plot results showed the integrated effect of the observed parameters on lane change frequency, which was higher than the individual effect. Finally, a regression model was developed between the dependent variable (lane change frequency) and the independent variables (average desired speed, desired speed distribution, and traffic volume) to quantify the effect of traffic parameters on lane change frequency. The regression model results showed that desired speed distribution had the most significant impact on lane change frequency compared to the other observed variables. Overall, the results of this study could help to identify and quantify the effect of significant traffic parameters on lane changing by considering the modern technology of automated vehicles for sustainable traffic safety. Further research can be performed in VISSIM to explore whether changing the significant traffic parameters with diverse distributions for a higher number of lanes has a significant positive effect on lane changing.
